Fine grained SnO2 powders have been obtained using an unconventional method. It deals with the well known polymerization method starting from the metallic halide SnCI4 with polyethylene oxide (PEP). With this method, SnO2 powders, which are free from water and hydroxyl group contaminations and possess small crystallite size (= 50 ,), are obtained by appropriate pyrolysis of the polymer. Consequently, these powders show good ability to insert reversibly lithium ions in the Li/Li +/LixSnO2 cell.
INTRODUCTION
SnO 2 has attracted considerable attention due to its variety of applications. [1] [2] [3] In powder form, for instance, it can be used as a sensing material for a combustible gas sensor or as an electrocatalyst for organic oxidation. 3 These powders have generally been obtained through two different routes: one involves the oxidation of elemental tin with acids (HNO 3, H 2SO4, etc.), and the other utilizes the well-known sol-gel route. 4 The sol-gel route has been found to give finer crystallites compared to the former method. However, samples free from water and hydroxyl groups are hardly achievable.
We propose here an unconventional and easy-to-carry out method for the preparation of fine dry particles of SnO 2 powders. It uses the well known polymerization method starting from the respective halides SnCI 4 with polyethylene oxide (PEP). 5 The method has been shown to give not only very fine particles, obtained after eliminating the polymer by heating, but also particles free from water and OH group impurities.
We also investigated here the ability to insert reversibly lithium ions into the Figure 2 shows the X-ray diffractograms for SnO 2 commercial powder (Aldrich) (a) and for the powder issued from the polymeric route (b). Both spectra are characteristic of the rutile structure of SnO2, as expected. In case (b) the X-ray diffraction lines are very broad accounting for the nanocrystalline nature of the powder. The main size of the crystallites, > 800 (Fig. 2a) and 70 (Fig. 2b) (Fig. 3) . Moreover, no broad bands between 3500 and 3100 era-, involving the stretching modes of water or hydroxyl groups, 7 do not occur (Fig. 3). 3.3-ELECTROCHEMISTRY 3.3.1-1nfluence of grain size on the reversible electrochemical insertion of lithium in Sn02 electrodes: Fig. 4 illustrates the third discharge curve of the Li/Li+/LixSnO2 cells. In agreement with our model, 6 the highest rate of lithium inserted (x 0.5) occurs for the fine-grained powder electrode. The latter exhibits a good cycling reversibility (Fig. 5 ). We propose here an original and easy-to-carry out method to determine D;
based on the evolution of the X-ray diffractograms (XRD) of the polycrystalline electrodes upon Li + insertion as shown below.
When the lithium ions are electrochemically inserted into the electrodes, the X-ray diffraction peaks sometimes disappear in favor of new peaks; that occurs, for instance, when new phases are formed. However, the diffraction peaks can also be broadened. This later event will happen for the SnO 2 electrodes because the surface packing density of the atoms in the lattice planes is too large and, therefore prevent efficient lithium insertion (that will be shown below).
D is related to the (average) distance, L, covered by the Li + ions between two positions, within the (average) time, t, by the relation of Einstein's diffusion: 11 L 2= 2D-t. (2) When the later event occurs, L can be related to the decrease in the size of the crystallite. This decrease should, in turn, be evaluated from the enlargement A dhk 2L, (Fig. 6) , of the X-ray diffraction peaks due to the lithium insertion.
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Li + FIGURE 6 Decrease of the size of crystallite upon lithium insertion. (1) 
Let us recall that our approach is no longer valid for electrodes whose insidecrystallite structure is well adapted for lithium intercalation (such as Li NiO2, Li -xCoO2 )-b-Application to LiSnO2 electrodes As expected only a textural change, namely a reduction of the size of the crystallites, is observed upon Li + insertion, accounting for a significant broadening of the X-ray diffraction peaks (Fig. 7) . (a) commercial powder; (b) fine-grained powder.
expected higher diffusion of lithium ions in such electrodes. In fact, this result
gives an indirect but strong evidence that the lithium insertion in the latter electrodes occurs mainly within the inter-crystallite (grain boundary) region as we have already reported for other materials.
